After the first spread of crayfish plague (aphanomycosis) at the end of the nineteenth century, the formerly abundant populations of native crayfish in Poland declined drastically. Analysis of historical data on the occurrence and distribution of crayfish in Poland led to the conclusion that without human intervention the native crayfish species would be at high risk of being made extinct. The largest programme concerning crayfish monitoring and restocking in Poland was "Active protection of native crayfish in Poland" conducted by the Inland Fisheries Institute, the Department of Ecology, University of Szczecin, the Department of Zoology, Warsaw Agricultural University and the University of Warmia and Mazury that was funded by the EkoFundusz Foundation and Inland Fisheries Institute in 1999-2001. One of the main objectives and results of this programme was the determination of indigenous crayfish distribution in Poland (mainly Astacus astacus and Astacus leptodactylus) and the restocking of suitable habitats with indigenous crayfish.
INTRODUCTION
Indigenous crayfish species were originally quite common and abundant in Poland. It was for example reported in a chronicle from the seventeenth century, that during the Polish-Swedish war, the Polish King fed his army with crayfish (LEŃKOWA, 1962) . The first more detailed scientific data, which reflected the abundance of crayfish, were from reports about crayfish export in 1920s and 1930s. The maximum annual noble crayfish export exceeded 600 tons before 1940 (Figure 1 ).
In the 1950s and 1960s, A. astacus and A. leptodactylus populations were commercially exploited in the whole of Poland. The possibility to export crayfish was the main reason for its quite intensive exploitation. The yield were therefore high during this period, although much more lower than before 1940. The main reason for this decrease in yield was the change of the Polish borders after the Second World War affecting about 60% of the former catchments areas. Figure 2 shows that since the beginning of the 1960s a considerable decrease in commercial catches was observed because of the decrease in abundance of crayfish stocks (GIELO, 1999) . Up to now, the total crayfish catch has continuously declined to only 1-2 tons per year (Figure 2 ), which has been mentioned already by various other authors (GIRSZTOWTT, 1967; KOSSAKOWSKI, 1972; MASTYŃSKI and KACZMAREK, 1976; STRUŻYŃSKI and ŚMIETANA, 1999) .
The program "Active protection of native crayfish in Poland" was the first integrated joint activity aiming at the improvement of the situation for native crayfish species in this part of Europe. The main task of the program was to describe the current status of native crayfish and to restore stocks of noble and narrow-clawed crayfish in sites where they had disappeared and where the factor responsible for their disappearance was not present any more. "Active protection of native crayfish in Poland" was established as a core programme for any local restocking activity, which is conducted in Poland nowadays. Additionally, the actual environmental situation is improving and thus providing the basis for restocking activities in Poland. The change of land use since 1989 coincided with improvement of surface water quality. Many local point sources of pollution disappeared (dairies, breweries etc.) and changes in the agricultural and forest management reduced most negative effects on the surface water quality and as well as the morphological situation. Moreover, changes in the inland fishery management (i.e. a drastic decrease of intensive eel (Anguilla anguilla L.) breeding, provided much better perspectives for native crayfish in Polish surface waters. 
MATERIAL AND METHODS

Historic and recent status
The first step of the program was an analysis of historical data on crayfish distribution followed by gathering field evidence of their current distribution. The monitoring data were also used to estimate the possibility to use some recent populations as a source for restocking material. The second step of the program was to determine the quality of ponds and rivers in terms of finding sites suitable for restocking activities. The action of reintroductions and monitoring of the their effectiveness was the last step of the overall program.
Data on distribution were collected in several ways. First, a field control was undertaken at crayfish sites reported in the literature. The publications used as a main guidance were LEŃKOWA (1962) and the Catalogue Faunae Poloniae (JAŻDŻEWSKI and KONOPACKA, 1995) . Additional data came from interviews and questionnaires sent to managers of water reservoirs especially at the Polish Anglers Union (PZW), Nature Parks and Landscape Parks. Because of the potential lack of the informants to differentiate between crayfish species, each reported stock of native crayfish species was checked in accordance with a protocol described by SCHULZ (2000) and verified in the field by the authors.
If an occurrence of native crayfish species was confirmed, a more detailed control of the catchment was conducted using traps. For the estimation of population sizes, markrecapture methods (LAPPALAINEN and PURSIAINEN, 1995) were applied or the catch per unit effort (CPUE) was estimated. The most abundant populations with over 2 500 individuals per ha for lakes and 9 CPUE for rivers were used as sources for restocking purposes. Professional fishermen performed the catches of restocking material by trapping during the official season for crayfishing from 15 th August up to 15 th October. Captured crayfish were checked for porcelain disease and burn spot disease.
Restocking program
The choice of lakes suitable for restocking was made primarily on the basis of analysis of literature data. We mainly focused on lakes, which were reported as former abundant crayfish sites but where populations were destroyed by intensive eel breeding. As the most appropriate water basins for reintroduction activities, lakes originally used for intensive eel farming were selected. The annual yield of eel in those lakes reached up to 9 kg per hectare, while the total yield was up to 25 kg of fish per hectare (unpublished data of State Fish Farm in Miastko). Annual restocking rate was up to 275 eel fries (monteé) per hectare (GIELO, 1999) . Eel populations of this density have the potential to destroy noble crayfish populations (KOSSAKOWSKI, 1969) . Apart from Pomerania region, the negative effect of eels on crayfish was observed by GIELO (1999) in the Międzyrzecz region (western Poland). Intensive eel production collapsed at the end of the 1980s because of difficulties in obtaining restocking material and a rapid increase of prices. Moreover, eel populations became infected by the Asiatic nematode Anguilicolla crassus (first evidence in 1989, (WŁASOW, 1991) ), which can severely affect the growth rate of eels. As eel is considered as the main single reason for crayfish disappearance, it is assumed that after eliminating this factor these lakes would be highly suitable for the reintroduction of crayfish.
Lakes where crayfish plague was reported as factor eliminating crayfish were omitted as place for potential restocking. There was assumed a priori that they could have been still infested by this illness.
However spread of Aphanomyces astaci was evident in Polish waters (ALDERMAN, 1996) only in some cases was scientifically confirmed (KOZŁOWSKI 1969; CZECZUGA et. al., 1998) . Moreover, to have access to the limited amount of restocking material, restocking activity was focused mostly on waters not reported as place of crayfish plague in history.
The selected lakes were further checked in terms of spiny-cheek crayfish (Orconectes limosus Raf.) occurrence and the general water quality was controlled. Parameters such as Chlorophyll a concentration, transparency, pH, O 2 , N-NH 4 , N-NO 3 , P-PO 4 , total P, COD (Mn), Ca and Mg concentrations were measured. Additionally, data on dominant bottom substrates in littoral areas, phytoplankton, and dominant plant species were gathered. On the basis of these data, the levels of eutrophication (lakes) or the saprobic status (rivers) were estimated. Oligotrophic and mesotrophic lakes as well as oligosaprobic and α-mesosaprobic rivers were qualified as appropriate for restocking of A. astacus. For A. leptodactylus eutrophic lakes were chosen. Moreover, the risk of pollution and the possibility of uncontrolled introduction of O. limosus were estimated using data on the level of anthropogenic pressure (angling, bathing, diving etc.) and distance to the closest villages.
A similar procedure was followed for the rivers. The only difference is the reason of destruction of the formerly abundant crayfish populations. Various unpublished information suggest that water pollution caused by dairy, brewery, or pig farming was the most important factor. In cases where it was clear that the sources of river pollution did not exist any more, the river was chosen for further examination. Seventy sites were examined in total.
The restocking procedure was performed during the official crayfish catching season in 1999 and 2000. The total amount of material used for restocking is presented in Table I .
The number of specimens used for reintroduction depended on the lake surface (from about 10 to 50 individuals per hectare) or the length of the river stretch. An additional criterion for the estimation of the number of individuals used to restock was the total number of crayfish caught for restocking. Only local populations were used for restocking to account for genetic differences in populations (SCHULZ and SYPKE, 1999; SCHULZ et al., 2003) . Restocking was conducted only once per lake or river.
If the evidence of diseased crayfish in the population was less that 3%, this stock qualified as a source for restocking material. Crayfish from those populations were stored in basins with circulating water after sorting out diseased individuals and then transported to the place of reintroduction. The period of holding was never longer than one week.
One year after finishing the restocking, the effectiveness of the restocking was checked. Trapping and night control were used in most cases. In some examples, SCUBA diving was also used. Additionally, searching for exuviae and control of otter excrements were carried out, if possible. In cases where evidence of living crayfish or exuviae was obtained, the site was assumed as successful as a restocking place.
RESULTS AND DISCUSSION
Historic and recent status
The primary analysis of literature data connected with field monitoring was made for Pomerania region (north-western Poland). For this region, the most detailed data were available. Moreover, the highest stock density occurred in this area (STRUŻYŃSKI and ŚMIETANA, 1999) . Of specific importance was the data reported by SELIGO, 1902 , which was compared to information about crayfish distribution from LEŃKOWA, 1962. In addition, the recent literature data were verified in the field. The results of data comparison for Pomerania region are present in Table II. Table II confirms the rapid rate of native crayfish disappearance. Moreover, the sites reported by SELIGO, 1902, and LEŃKOWA, 1962 came from questionnaires and concerned only places of commercial crayfishing, while SMIETANA, unpublished reported all sites confirmed by the field survey. Only one site confirmed in 1999 was abundant enough for commercial catches. In the rest of the lakes, the density of populations was lower than 0.5 CPUE.
The recent field revision of Pomerania lakes, reported by LEŃKOWA, 1962 as native crayfish habitats, showed a total absence of native crayfish species. Only Orconectes limosus was found in 85% of the lakes formerly inhabited by A. leptodactylus and A. astacus. A further analysis of the data collected during the recent field survey in comparison to historical data showed a tendency for a habitat change of native crayfish. According to Figure 3 , lakes inhabited by A. astacus nowadays are significant smaller (7.5 ha) than in beginning of the twentieth century (75 ha). The results of the research in Pomerania were used as guidance for field surveys conducted in the rest of the Polish territory. A total number of 99 sites of occurrence of A. astacus and 28 of A. leptodactylus were confirmed for Poland (Figure 4 ).
Restocking program
Out of the 70 lakes and rivers examined, 54 were classified as appropriate for restocking. Detailed numbers are presented in Table III . Seven populations of Astacus astacus and three of Astacus leptodactylus were used as a source of restocking material.
In 31 out of the 54 sites used for restocking, the occurrence of crayfish was confirmed already one year after reintroduction (Table III) .
Astacus astacus was found in 22 water bodies (14 rivers and 8 lakes), Astacus leptodactylus in 9 lakes. In two rivers and two lakes, the success of restocking was based only on exuviae without evidence of any other indication of living crayfish being present.
During the monitoring of the restocking program, the co-occurrence of native crayfish species with Orconectes limosus was noted. One lake contained Astacus astacus and O. limosus and another one Astacus leptodactylus and Orconectes limosus. Although living individuals of native crayfish species were found in these lakes, the restocking result was considered as unsuccessful. According to additional information both parallel "reintroductions" of O. limosus were made by people not aware about the consequences. 
CONCLUSIONS
The decrease of native crayfish species is also reflected by the fact that Astacus astacus and Astacus leptodactylus were included in the latest published Red List of Threatened Animals in Poland in the category VU -vulnerable (GŁOWACIŃSKI, 2002) . As a main danger for native crayfish populations in Poland nowadays appears the invasion of Orconectes limosus. This species still increases its distribution in Poland (LEŃKOWA, 1962; JAŻDŻEWSKI and KONOPACKA 1998; STRUŻYŃSKI and ŚMIETANA, 1999; KONOPACKA, 1998, SCHULZ and ŚMIETANA, 2001) , in Belarus (ALEKHNOVICH et al., 1999) , in the Czech Republic (POLICAR and KOZAK, 2000) , and in many other European countries (HOLDICH, 2002) .
The very good success of the restocking program seems to indicate that number of individuals used per ha of the lake surface is enough to set up "initial populations". The number used were generally within the limits reported by (SCHULZ et al., 2002) . In order to assess the overall success it is of course necessary to keep in mind that there might be further sites with indications of a successful restocking to be detected during future monitoring work.
On the other hand the occurrence of non-indigenous species may jeopardize some of the positive effect of restocking programs. The evidence of Orconectes limosus in two restocking sites indicates to what extent native crayfish species are already in danger. Furthermore, changes in land use, which coincide with changes in the land ownership, may affect native populations (SCHULZ et al., 2002) .
A common lack of knowledge about the native crayfish situation, and the lack of elementary skill in recognizing crayfish species, lead to a high risk of transmission and further distribution of O. limosus. Although the lakes that were chosen as suitable for the restocking programme had a low anthropogenic pressure and were situated a relative long distance from the next settlement, O. limosus was introduced in two cases. We conclude that without broad education and information about non-indigenous crayfish species, the efforts of research and restocking activities are still not as successful as possible. Without a broad education about the crayfish situation, even the good law forbidding to release non-indigenous crayfish (even to the same water body), which was introduced in 2000 in Poland, would be still difficult to implement in practice.
